The performance of fungicides in controlling Asian soybean rust depends, in part, the spray quality of these products. The market of components to spray offers new types of nozzles which generate droplets with different characteristics. This study aimed to verify whether applications of fungicides with different spray nozzles interfere in soybean rust control. The experiment was conducted in the 2013/2014 harvest. The experimental design was a randomized block with three replications, and compared ten spray nozzles and a control without fungicide application. The applications were made with a backpack sprayer pressurized with CO2, set to apply a spray volume of 150 L ha -1 . For the determination of severity four plants per plot were sampled, quantifying in each leaflet the number of uredinia cm -2 , which permitted to integrate the area under the disease progress curve (AUDPC). We concluded that HYPRO GUARDIAN ® 120015 Single pre orifice flat spray nozzle, that generates medium size of droplets, provided the lowest AUDPC of soybean rust, as well as the use of fungicide reflected in grain yield, which was on average 288% higher than that obtained by the control without fungicide application.
INTRODUCTION
The soybean (Glycine max (L.) Merrill) is worldwide characterized as a crop of great economic importance. It is one of the main raw materials for food, being an important component of animal feed, soy bran and flour, because it is an excellent source of protein, and more recently it is used for industrial products and the production of biofuel (Souza, 2013) .
Brazil is the 2 nd largest producer in the world with estimated production of approximately 102.459.1 million tons of grain produced in 33.189.00 million hectares cultivated in the 2015/2016 harvest (CONAB, 2013) .
The great expansion of the cultivated area in the world has increased the number and severity of diseases that affect soybean, and more than 100 species of pathogens have been reported, of which 35 are of great economic importance (Beledelli et al., 2012) .
In the 2000/2001 harvest, a new disease was identified in Brazil in the state of Paraná, the Asian soybean rust caused by the Phakopsora pachyrhizi Sydow & Sydow fungus, which spread rapidly to other Brazilian states (Cunha et al., 2014) .
It is important to detect the presence of Asian soybean rust in plants as soon as possible to obtain satisfactory disease control because the pathogen progresses rapidly (Dorrance et al., 2011) . Therefore, it is necessary to carry out the chemical control of rust through the use of fungicides, which normally require several applications to protect plants against disease and to contribute to higher productivity, since ineffective control implies damages to production.
In the application of fungicide, aspects of the environment, highlighting the temperature, relative humidity, wind speed, the presence of dew and the occurrence of rainfall soon after the applications, should be associated with the application technology (Boller et al., 2011) . Associated to this, for the success of application and control of the disease, the volume of fungicide and operational parameters must be observed (Constantin et al., 2012) .
The lack of soybean cultivars resistant to Asian rust has been a challenge for the research, due to the great variability of the pathogen (Neves & Blum, 2013) . According to Weirich et al. (2013) , genetic resistance is the most effective and economical way to avoid damages caused by disease in crop plants.
So the use of fungicide becomes an efficient alternative for the control of the disease (Godoy et al., 2012) . This may be one of the reasons for the constant growth of soybean fungicide use in Brazil. In this context, the application technology is fundamental so that the droplet deposition shows uniformity over the target of interest. For this, the correct choice of the spray nozzle to be used is one of the most important factors to obtain an efficient application.
The market of spray components offers new spray nozzle models every year, which generate droplets with different characteristics. Thus, in order to control soybean rust, it is essential that the spray nozzle is capable of providing homogeneous droplet coverage, allowing the pulverized product to reach the lower third of the canopy of the crop (Nascimento et al., 2013) .
Considering that from the closure of the canopy along the development of soybean cultivation, there is an increasing difficulty for the deposition of fungicide spray droplets on the middle and lower parts of the canopy, which makes it difficult to control the Asian rust. The hypothesis of this study is that there are spray nozzles capable of providing different efficacy to control this disease.
The aim of this study was to verify if applications of fungicides with different spray nozzles interfere in the control of soybean rust.
MATERIAL AND METHODS
The experiment was conducted at field level from January to May 2014 at the Experimental Station of the Seeds Company -Agricultural Research and Planning, located in the municipality of Água Santa -RS, with the following geographical coordinates: Latitude S 28°10', Longitude W 52° 02'and altitude of 650 m above sea level. The site is located in the physiographic region of the Middle Plateau of Rio Grande do Sul State, Brazil, and is characterized by humid subtropical climate (Cfa) with soil classified as Humid Dystrophic Red Latosol (Streck et al., 2008) .
The choice of soybean cultivar was according to the technical indication for South America, using the "BRASMAX ATIVA" cultivar (Super Early Cycle) and determined growth habit.
The sowing was carried out under no-tillage system, under wheat residues on 01/06/2013, at an average depth of 0.05 m, using the spacing of 0.45 m between rows, density of 18 seeds per meter and final stand of 377.000 soybean plants ha -1 . The fertilization was done with 250 kg ha -1 of fertilizer of the N-P2O5-K2O 04-30-10 formula, plus 120 kg ha -1 of potassium chloride (KCl), applied to V5 stage -fifth node, fourth trefoil.
The experimental design was in randomized blocks with three replicates. In the evaluation of fungicide performance and efficacy in the control of soybean rust, ten spray nozzles (Table 1) were considered by comparing disease severity and productivity between the treated and untreated (control) plots that did not receive any fungicide application.
The experimental units were composed of five cultivation lines, spaced by 0.45 m and with a length of 5.0 m, making a useful area of 11.25 m², being eleven plots per block, totaling 33 plots. . In each one of the applications, the dose of the fungicide was 0.40L of commercial product ha -1 and the adjuvant 0.25L ha -1 .
The necessity and the number of fungicide applications were determined according to the presence of the disease in the area, residual effect of the product and favorable meteorological conditions for the development of the disease. Four fungicide applications were necessary at intervals between applications of approximately 14 days.
During the fungicide applications, readings and recording of the air conditions were carried out, using a thermo-hygro-anemometer, Kestrel ® 3000 brand. The air conditions at the time of application of fungicides were favorable ( Table 2 ).
The first application was performed at the vegetative stage, when the first symptoms of the disease were confirmed in the lower canopy, that is, with an incidence of approximately 3%. At the moment, there was no closure between the rows of the crop. In the second, third and fourth application of fungicide, the closure of the inter rows of the soybeans was total; the rust was present in the lower and upper canopy. The fungicide applications were carried out with a backpack sprayer with constant pressure (CO2), equipped with a 2.0 m bar, with four nozzles spaced 0.5 m apart, conducted at a height of 0.5 m above the plants apex. The working pressure was 300 kPa, for all spray nozzles compared. The application rate in all treatments was calibrated to 150 L ha -1 and displacement velocity of 1.31 m s 1 .
The evaluation of rust severity was carried out at intervals of approximately seven days, totalizing seven evaluations. The first severity evaluation was performed 54 days after the emergency (DAE). For this, four plants per plot were collected, located in the useful area of the experimental plot, highlighting all leaflets, separating in upper canopy and lower canopy of soybean crop.
All sampled leaflets were randomly marked with four 1.0cm -2 points, to obtain the mean number of uredinia cm -2 , observed with the aid of a stereoscopic microscope. The sum of the number of uredinia cm -2 of all sick leaves was divided by the total number of leaflets of the sample, and it was considered to be the leaf severity of the plot, expressed in uredinia cm -2 .
The uredinia cm -2 values allowed to integrate the area under the disease progress curve (AUDPC). This was calculated by the sum of the trapezoidal areas, according to the methodology proposed by Campbell & Madden (1990) .
The harvest was carried out on 05/03/2014, manually harvesting the three central lines by five meters in length, totalizing a useful area of 6.75m 2 in each plot. The grain yield was determined after cutting and tread, in stationary motorized treadmill. The harvested grains per plot were weighed in a digital scale, with an accuracy of five grams and the humidity was determined in a moisture meter, correcting for the water content of 13% (h.b.), being used to calculate the yield.
The data were submitted to analysis of variance (p<0.05) and the averages compared by the Tukey test at 5% error probability, trough the SAS ® program. Area under the disease progress curve (AUDPC) based on severity (uredinia cm -2 ). Averages followed by the same letter in column do not differ from each other by Tukey test at 5% probability.
RESULTS AND DISCUSSION
In all treatments with fungicide application, both the upper canopy and the lower canopy of the AUDPC of Asian soybean rust showed lower values when compared to the control. Therefore, the data showed in Table 3 allow verifying the efficiency of the fungicide in the control of rust in the evaluated conditions. The Hypro GUARDIAN 120015 single pre-orifice flat spray nozzle shows the lowest AUDPC value of rust in the lower canopy and, considering the canopy of the entire soybean crop, shows the smallest amount of uredinia cm -2 . However, the same does not differ significantly from the Teejet DGTJ-60 110015 twin pre-orifice flat spray, Magno 110015-BD and Agrotop AIRMIX 110015 single spray tips.
In the case of soybean rust having its initial development in the lower region of the soybean crop, the Hypro GUARDIAN 120015 single pre-orifice spray nozzle, which produces a medium droplet spectrum, proved to be efficient for the control of the pathogen, when the lower canopy and entire plant were analyzed.
In the upper canopy, the Hypro GUARDIAN 120015 single pre-orifice flat jet nozzle showed the lowest AUDPC value, but there was no significant difference in relation to the other evaluated nozzles, except Magno 110015 BD and Micron 110 DB 1.5 AIR.
It is believed that spray nozzles, which produced very fine, coarse and very coarse droplets categories, had difficulty in depositing an adequate amount of fungicide on the target and consequently provided less control of soybean rust. The nozzles that showed characteristics of coarse and very coarse droplets could not promote the transposition of the barriers imposed by the leaves due to the shading between the soybean rows at the moment of application of the fungicide. On the other hand, the droplets generated by spray nozzles that generate very fine spectra (twin flat fan jet), besides these difficulties, are also more vulnerable to drift loss and evaporation.
Therefore, when using nozzles that produce spectra of droplets with characteristics of very fine, fine, coarse and very coarse, the highest values of AUDPC of soybean rust were generally obtained. This is believed to be due to the fact that fine droplets have a very reduced life expectancy, while the medium droplets suffer less risk of drift and evaporation (Cunha et al., 2014) . On the other hand, the air induction twin flat spray nozzles, because they produced larger droplets, can be one of the alternatives adopted to reduce the intensity of the drift phenomenon (Bueno et al., 2013) .
In addition, the energy loss (velocity) of the fine droplets influences in the lower canopy deposition of the soybean crop. In the application of systemic fungicide, the pulverized spray solution must remain in contact with the leaf for a minimum period, so that the plant can absorb the active ingredient, according to Yu et al. (2009) . In this sense, the active ingredient needs to be placed in the target under the risk of not controlling the disease (Tormen et al., 2012) . Therefore, it is possible to emphasize that the spray nozzles that contributed to the lower AUDPC of the soybean rust and for greater safety in the application in relation to the other spray nozzles used were the Hypro GUARDIAN 120015 single pre-orifice flat spray, showing medium drop characteristics.
The data obtained in this study are in accordance with reports by Cunha et al. (2014) , who verified, after eight years of study, that spray nozzles that produce medium drops showed better results of deposition and soybean rust control. Table 4 shows the grain yield obtained according to the different compared spray nozzles models. The productivity was higher than the control in all the treatments that received the fungicide applications, and no significant differences were found between the compared spray nozzles models. Averages followed by the same letter in column do not differ from each other by Tukey test at 5% probability.
The treatments with the fungicide allowed an average productivity of 288% higher than that obtained in the control. The low yield of 880 kg ha -1 obtained in the control was probably due to the premature fall of the soybean leaves, due to the severe attack of the soybean rust that occurred in the referred agricultural year, as well as the (late) sowing season that was carried out in nonpreferential period.
Data presented by Cunha et al. (2011) showed productivity 224% higher than the control, indicating that the productivity was also not influenced by the use of different spray nozzles in fungicide applications.
Observing Table 4 , the productivity of the soybean crop was not influenced by the use of the different models of spray nozzles. The reason that there was no significant difference in grain yield between the spray nozzles models can be attributed to the fact that, even though the difference between the AUDPC in the different canopies by the different nozzles was significant, they were insufficient to differentiate the productivity of the plants. However, the chemical treatment showed satisfactory control of soybean rust.
The lack of productivity difference in relation to the different spray nozzles models can also be attributed to the chemical management used, tolerance or partial resistance of the cultivar, aggressiveness and occurrence of the pathogen in the area. Similarly, Nascimento et al. (2013) also did not obtain significant difference between different spray nozzles in the production of grains between the plots treated with fungicide.
CONCLUSIONS
Treatments that received fungicide applications do not show differences between spray nozzles (hollow cone, twin flat, pre-orifice twin flat, flat, pre-orifice flat, single turbulence chamber flat, air induction single flat and air induction twin flat) as well as the productivity of the soybean crop.
The trifloxystrobin + prothioconazole fungicide reduces the severity of rust, which reflects in productivity, on average, 288% higher than that obtained in the control.
The severity of Asian rust varies according to the spray nozzle models. The applications with Hypro GUARDIAN 120015 single pre-orifice flat nozzle, which generates medium droplet spectrum, provided the lowest AUDPC values of rust in the lower and upper canopy of soybean crop.
